We report a case of a kidney-transplanted patient with urolithiasis treated with minipercutaneous laser lithotripsy. The patient presented with renal dysfunction and graft hydronephrosis. Diagnostic procedures revealed ureterolithiasis as a cause of obstruction, and percutaneous nephrostomy was inserted as a temporary solution. Before surgery, the stone migrated to the renal pelvis. Mini-percutaneous laser lithotripsy was successfully performed, and during surgery, all stone fragments were removed. Six months after successful treatment, the patient has good functioning and stone-free graft.
Introduction
Kidney transplantation is the treatment of choice for patients with end-stage renal disease because it offers prolonged survival and better quality of life [1] . Nephrolithiasis in a transplanted kidney is an uncommon complication, with an incidence reported from 0.2 to 1.7% [2] . The most frequent causes of stone formation after kidney transplantation are hyperparathyroidism, ureteral obstruction, chronic urinary stasis, foreign body (specially nonabsorbable suture material), vesicoureteral reflux, metabolic diseases (gout, hyperoxalu-ria) and preexisting stone in a donor kidney [3] . Immunosuppressive medications, particularly cyclosporine, increase urine concentration and serum and urine uric acid levels, which may promote stone formation. Stones are more frequently found in female patients. Kidney stones are more common than ureteral stones. The treatment of these patients is challenging due to immunosuppressive drugs used, usually altered renal function, altered renal innervation that masks the typical presenting symptoms, and disturbed anatomy (specially ureterovesical junction).
Management of urolithiasis in transplanted patients is similar to that in the general population and includes active surveillance, extracorporeal shock-wave lithotripsy (ESWL), percutaneous nephrolithotripsy (PCNL), ureteroscopy and open surgery [4, 5] . In this report, we describe a patient with kidney transplantation and nephrolithiasis treated with PCNL using smaller instruments (mini-PCNL).
Case Report
A 30-year-old man with a transplanted kidney and urolithiasis was admitted to our hospital for mini-PCNL. Nineteen years ago, the patient had received a kidney transplant from a living donor (mother). The cause of end-stage renal disease was obstructive uropathy caused by posterior urethral valves. He has had multiple operations in his childhood including bladder augmentation with large bowel. The kidney was transplanted in the right iliac fossa, and the ureter was anastomosed on the augmented part of the bladder. After transplantation, immunosuppression was started with cyclosporine, azathioprine and prednisolone. The further postoperative clinical course was eventless, and the function of the transplanted kidney was excellent during follow-up.
Three weeks before admission, he became febrile and oliguric. Ultrasonography revealed graft hydronephrosis, and laboratory exams showed elevated renal function with urea 11.0 mmol/l and creatinine 447 μmol/l. X-ray showed a suspected stone in the pelvis, and percutaneous nephrostomy was inserted. Antegrade pyelography confirmed the stone in the proximal ureter. Proteus mirabilis was isolated from the urine culture, and targeted therapy (ceftriaxon) was implemented. After 2 days, the patient became afebrile, and his laboratory exams became normal. On control X-ray, migration of the stone from the proximal ureter to the renal pelvis was noticed ( fig. 1 ). The patient was prepared for mini-PCNL.
The mini-PCNL treatment was carried out in the supine position and general anesthesia. We used the previously performed percutaneous nephrostomy as a guide for dilation. The hydrophilic guide wire with floppy tip was inserted into the pelvicalyceal system through the nephrostomy. After putting the guide wire through the nephrostomy, the nephrostomy was removed. The skin incision was made along the guide wire, and dilatation was performed using a single metal dilator using the one-step bougie technique. Via this dilator, the suitable 15/16-Ch operating sheath (Karl Storz, Tuttlingen, Germany) was placed in the renal pelvicalyceal system. Dilation and advancement of the operating sheath was accomplished under X-ray control. A mini-nephroscope (instrument sheath diameter 12 Ch with 6.7 Ch working channel; Karl Storz) was introduced through the operating sheath. The stone was visualized in the renal pelvis ( fig. 2 ). Holmium:YAG laser lithotripsy using 365 µm laser fibers was performed (Calculase II SCB, Karl Storz) using an appropriate energy level. Stone fragments were removed with graspers. Also, the hydrodynamic effect of the specially designed sheath allowed evacuations of fragmented stones between the sheath and nephroscope and without additional intrarenal pressure elevation. Antegrade placement of a ureteral stent was unsuccessful, and a temporary percutaneous nephrostomy was positioned in the renal pelvis ( fig. 3 ). The postoperative course was uneventful. The stone analyses showed that it was mixed from calcium oxalate and calcium phosphate. Six months after mini-PCNL, kidney function parameters were normal, and the graft is stone free.
Discussion
Renal colic is typically a symptom of urolithiasis. Since allografted kidney and ureter are denervated, transplanted patients do not have pain. The stone is usually found during routine ultrasonography or in diagnostic procedures of other complications such as fever, infection, hematuria and renal dysfunction [4] . In our patient, renal dysfunction led the clinician to perform ultrasonography, which revealed graft hydronephrosis. Another more sophisticated and accurate method for the detection of stone is computerized tomography.
In case of renal obstruction, as in our patient, resolving the obstruction is the primary aim. After revealing the obstruction, definitive stone management must be performed. Resolving the stone with open surgery is the traditional method. However, open surgical procedure has a many disadvantages: preparation of kidney and ureter is very difficult due to their adherence to adjacent tissue, potentially postoperative complications such as infection may occur, urinary fistula are difficult to overcome, the postoperative pain is increased and the patient's recovery is slow. To overcome these negative sides of open surgery, minimally invasive methods have become the standard of care in most patients with urolithiasis both in general patients and transplanted patients [4] . Also, laparoscopy can be used in the management of complex stone cases.
ESWL is a valuable, noninvasive method for stone management, but some limitations exist in transplanted patients. Difficult localization of the stone due to overlying bony pelvis may represent a limiting factor for ESWL, and the shock wave can be blocked by pelvic bones. Also, after treatment, the stone fragment must pass through ureterovesical junction, which can be demanding. About 60% of patients treated with ESWL needed multiple sessions. Usually, ESWL is a reasonable treatment for calculi smaller than 1.5 cm.
Another possibility is ureteroscopy, but this is a technically challenging intervention in kidney transplants, because of the mostly difficult cannulation of the ureterovesical anastomosis. Ureterovesical anastomosis is usually located at the bladder apex, making ureteral intubation and entry in the ureter very difficult. For example, in one study, successful intubation was performed in only 37.5% patients [6] . Flexible ureteroscopy is recommended for adequate access and desintegration of calculi and can be done by electrohydraulic lithotripsy, ultrasonic lithotripsy or holmium laser in the ureter and kidney, with a success rate of 67-100% [4] .
PCNL, in the general population, is recommended as the therapy of choice for large renal calculi (<20 mm) and also for smaller stones (10-20 mm) unsuitable for ESWL. Stone-free rates following PCNL have been reported, which range from 76-98% [7] . However, PCNL is still a challenging procedure and can be associated with significant complications. To decrease morbidity associated with larger instruments like blood loss, postoperative pain and potential renal damage, a modification of the technique of standard PCNL has been developed. This is performed with a miniature endoscope via a small percutaneous tract (11-20 Ch) and was named minimally invasive PCNL or mini-PCNL. Usually, the term mini-PCNL is used for operative sheaths below 20 Ch. The benefits of mini-PCNL are lower blood loss, increased intrarenal maneuverability, decreased postoperative pain and limited hospital stay. Limitations are the necessity to disintegrate stones into small enough fragments to fit through a reduced-size sheath, which results in longer operative times [7] .
The first renal stone extraction through percutaneous access in a renal transplant patient was performed in 1982 [8] . Because of the relative superficial position of transplanted kidneys, percutaneous management is favored [9] . This is specially recommended in stones larger than 1.5 cm. Percutaneous removal of stones in a transplanted kidney has the best success rate, but it is an invasive procedure on a single functioning kidney.
Ji et al. [10] presented their experience with mini-percutaneous laser lithotripsy. They treated 11 patients with kidney allograft lithiasis using mini-PCNL. The stones ranged from 0.9-2.4 cm in diameter. The stones were successfully disintegrated using laser in all patients.
Compared to PCNL in the general population, the ultrasound-guided puncture of a transplanted kidney in the iliac fossa is a relatively simple procedure because the graft is situated just below the muscles of the anterior abdominal wall. Also, the distance from skin to kidney is small, and the dilation is also easier than in the general population. The important issue for transplanted patients is the extent of kidney damage because standard operative sheaths are 26-32 Ch in diameter compared to 15/16 Ch in mini-PCNL. It is obvious that mini-PCNL is a less invasive method with good efficacy for stone management. According to our limited experience and data from the literature, we believe that mini-PCNL can become a procedure of choice in transplanted patients with obstructive stones in the kidney and upper ureter. 
